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Abstract
Intensification of natural ecosystems may be beneficial for a series of plants, which are favored to become the
dominant at the level of grass cover. However, no matter how low would be the inputs applied, the first effects are
observed in the symbiotic organisms of existing plants in the ecosystem. Adaptation of plants and soil microorganisms
to environmental conditions have made the type and dosage of fertilizer applied to become factors with limiting effect
on the balanced evolution of mycorrhizal fungi. Climatic factors have a significant influence on mycorrhizal
colonization parameters at the level of the first sequence of vegetation; this influence becomes insignificant after
installing mulch on experimental variants. Application of organic fertilizer influence in a positive way mycorrhizal
colonization parameters, but only during the first sequence of vegetation. After installing mulch, the phenomenon is
reversed, excelling fertilizers containing chemical nitrogen and manure fertilization becomes unfavorable for
mycorrhizal colonization. Stability in time of colonization is influenced in the highest degree by the level of the
chemical nitrogen and combination of this element with phosphorus and potassium prevails in establishing the
evolutionary limits of colonization.
Keywords: mycorrhizal colonization, colonization degree, organic fertilization, mineral fertilization, fertilization
dose, vegetation sequence.
1. Introduction
The roots of vascular plants are in private
contact with a substrate and even in the case that this is
represented by soil, water or bark, the functionality and
development are all influenced by various biotic and
abiotic factors. A complex of microorganisms resides
in a diversity of niches within the substrate, affecting
the roots hence the plants performance through
multiple means. The most frequent organisms
associated with plants are the environmentally adapted






These symbioses are present in the roots of
the large majority of plants [9].
The main benefit for the host plant in a
mycorrhiza symbiosis is the enhancement of
immobile nutrient assimilation, especially of
phosphorus [1].
Matured ecosystems are characterized by a
continuous and cyclic movement of the elements
between the biotic and abiotic components.  The
mycorrhiza has the purpose to adjust the
composition and functionality of a community, by
correctly allocating food resources and influencing
the growth of interfering plants.
The increase of fertilization levels (20 or 40
t/ha manure) or the usage of unconventional
fertilizers (20 or 60 t/ha waste water sludge) at a
lucerne culture, can benefit directly on the intensity
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enhancing the ability to biologically bond nitrogen
[10]. A highly important role, besides fertilization,
plays the ecosystem’s management. In the case of
natural grasslands, the mowing or a combination of
mowing + mulching encourages the Agrostis
capillaris to become dominant within the grass
cover [6].
In time, the growth of fertilization doses may
lead to changes in the coverage extent of plants in
grasslands. For values of fertilization NPK =
50:25:25 Festuca rubra and Trisetum flavescens are
privileged, while a fertilization with NPK =
100:50:50 and NPK=150:75:75 will enhance the
development of Agrostis capillaris and Trisetum
flavescens [4].
Still, these various changes experienced by
ecosystems have in their first phase a more intense
impact on the mycorrhizal fungi then on the
colonized plants [2].
2. Material and Method
For studying the growth effect of nutritive
resources from soil on the mycorrhizal colonization
parameters for Festuca rubra species, an
experimental layout was implemented with 6
degrees of fertilization, besides the unfertilized
witness, and applying one type of organic
fertilization (V2 - 10 t/ha), a combined organic-
mineral fertilization (V3 - 10 t/ha + NPK=50:25:25)
and three types of mineral fertilization (V4 -
NPK=50:25:25, V5 - Eurofertil mezocalc 120 kg/ha
+ N=50 and V6 - Eurofertil mezocalc 120 kg/ha).
Through this experiment, a series of
hypothesis were tested: (i) the influential scale of
climatic factors (Temperature – Tm, Sum of
precipitations – Pp) and technological factors over
mycorrhizal colonization parameters (Frequency –
Fv%, Intensity – In%, Colonization degree – Gc%),
(ii) the effects by type and dose of applying
fertilizers, and (iii) the variation of mycorrhizal
colonization in distinct vegetation sequences.
The experimental concept, design of
experimental field and the methodology for
acquisition of data were presented by Stoian [8].
The add-in of the current experiment is brought
through statistical analyses that emphasize the
individual effect of experimental factors.
This study reveals the evolution of
mycorrhizal colonization parameters in differential
fertilization conditions, during 2010 – 2011, on two
vegetative sequences: 100 days from vegetation start
(moment correspondent with mowing and mulching
in the experimental area), and 150 days from the
vegetation start (end of vegetation period).
A non-metrical statistical evaluation
(NMDS) on the effect of fertilization and climatic
factors was performed using the R Statistics
software – “vegan” package [3].
The differences between variants where
obtained using the comparative analysis Post-hoc –
Fisher LSD, specific for Statistica software [7].
3. Results and Discussions
100 days vegetation sequence
Period 2010 – 2011 was beneficial for the
colonization frequency, the value of this parameter
exceeding 60% on all variants (table 1).
The differences between experimental
variants were minimal, only variant V2 proved
superior over the witness. In relation to the same V2
variant, significant differences were noted for
variants V3 (manure + NPK) and V4 (NPK
fertilized).
It may be specified based on the results that
the organic fertilized variant (V2) at first vegetation
sequence proved superior to any other type of
fertilization.
In regards to the colonization intensity of the
radicular system for Festuca rubra species,
compared with the unfertilized variant, beneficial
result were only recorded in the case of fertilization
with manure (V2) and Eurofertil mezocalc in
combination with nitrogen (V5 (table 1).
In comparison with a manure exclusive
fertilization (V2), by applying manure supplemented
with NPK (V3), NPK (V4) and Eurofertil mezocalc
(V6) fertilizations, the colonization’s intensity is
diminished.
Similar to the variation of colonization
intensity, at the level of first vegetation sequence,
significantly superior values over the unfertilized
witness were recorded only at the manure
fertilization variant (V2) and Eurofertil mezocalc
with nitrogen (V5) fertilization variant (table 1).
Compared with the organic fertilized variant
(V2), significant differences were recorded (p<0.01)
for manure supplemented with NPK (V3) variant,
NPK (V4) and Eurofertil mezocalc (V6) fertilization
variants.
By overlapping the experimental factors on
the non-metrical ordering matrix (NMDS) has
evidenced the lower impact of temperature and
precipitations on the mycorrhizal colonization when
compared with the nutritive input at the level of first
vegetative sequence (table 2).
All chemical elements had a highly
significant influence on the colonization parameters.
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Table 1. Influence of fertilization over the mycorrhizal colonization parameters – 100 days vegetation sequence
Variant 1 2 3 4 5 6
Fv % 63.89 90.00 63.89 63.34 70.56 71.69
1 63.89 0.039 * 1.000 0.964 0.586 0.526
2 90.00 0.039 ° 0.036 ° 0.119 0.141
3 63.89 0.964 0.586 0.526
4 63.34 0.556 0.497
5 70.56 0.927
6 71.69
Variant 1 2 3 4 5 6
In % 3.57 20.43 8.98 7.06 12.11 10.38
1 3.57 p < 0.001 *** 0.135 0.328 0.021 * 0.062
2 20.43 0.003 °° p < 0.001 °°° 0.026 ° 0.008 °°
3 8.98 0.591 0.380 0.692
4 7.06 0.162 0.353
5 12.11 0.627
6 10.38
Variant 1 2 3 4 5 6
Gc % 2.33 18.45 5.86 6.40 11.85 7.62
1 2.33 p < 0.001 *** 0.343 0.275 0.014 * 0.159
2 18.45 0.002 °° 0.003 °° 0.081 0.006 °°
3 5.86 0.883 0.112 0.634
4 6.40 0.147 0.742
5 11.85 0.257
6 7.62
p < 0.05 * ° p < 0.01 ** °° p < 0.001 *** °°°
Table 2. Overlap of experimental factors on the ordering matrix and display effects on experimental parameters – 100
days vegetation sequence
NMDS1 NMDS2 r2 Pr (>r)
Tm 0.295 -0.955 0.349 0.002 **
Pp 0.295 -0.955 0.349 0.002 **
N -0.022 1.000 0.487 0.001 ***
P 0.047 0.999 0.525 0.001 ***
K 0.054 0.999 0.410 0.001 ***
p < 0.05 * ° p < 0.01 ** °° p < 0.001 *** °°°
NMDS ordination graph is indicating an
optimal value of 10 kg/ha for the nitrogen to
influence the colonization frequency at this initial
sequence of vegetation.
By applying thus dose of fertilizer will ensure
a reduced variation of the colonization frequency for
Festuca rubra plants (fig. 1).
For the colonization intensity of the radicular
system, the optimal value for nitrogen is 40 kg/ha,
thus ensuring the constant of the factor during time.
The information’s synthesis of the nitrogen
needs for mycorrhizal fungi has indicate a value of
approx. 40 kg/ha as optimal for ensuring a
fluctuation-free colonization degree over time.
For ensuring sustainability of the mycorrhizal
colonization during time, the phosphorus needs are
0 – 10 kg/ha for frequency and 20 – 30 kg/ha for the
colonization’s intensity.
The optimal value of this element for a
constant colonization degree was 20 g/ha at the level
of first vegetation sequence (fig. 2.).
The optimal potassium level for a constant
frequency was 5 kg/ha, while for the colonization’s
intensity the level is approx. 25 kg/ha.
The degree of colonization is constant at a
potassium value of 25 – 30 kg/ha, much closer of
the necessary for a constant intensity (fig. 3).
For ensuring the Festuca rubra specie’s
constant degree of coverage during time, the values
of nutritive elements were recorded at 30 kg/ha
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Figures 1 - 3. Influence of chemical elements over mycorrhizal colonization parameters at 100 days vegetation
sequence: 1) Nitrogen (N); 2) Phosphorus (P); 3) Potassium (K); Fv% - Frequency; In% - Intensity;
Gc% - Colonization degree; Ga% - Cover degree
150 days vegetation sequence
During the final sequence of vegetation, the
mycorrhizal colonization frequency for fertilized
variants is ranging in very wide limits over the
unfertilized variant (Table 3). Applying manure
(V2) and Eurofertil mezocalc (V6) fertilizers has
proven disadvantageous for the colonization
frequency, differences were highly significant over
the witness. The effect of fertilizers from V2 and V6
has proven diametrically opposite to V3 (manure
supplemented with NPK) and V4 (NPK unilateral
fertilization), the differences of frequency values
recorded for these variants being highly significant
over the witness. By comparison to organic
fertilization (V2), all fertilizers with nitrogen
chemical content (V3, V4 and V5) have recorded
superior values of colonization frequency. Same
phenomenon is repeating in the case of applying
Eurofertil mezocalc (V6), the frequency recorded in
this variant proven to be highly inferior to all
variants with nitrogen based fertilizers.
In regards to the intensity of colonization of
the radicular system for Festuca rubra species, the
combination of manure with NPK (V3) has ensured
an absolute superiority over the other fertilization
variants (table 1). The intensity level for the
unfertilized variant was 6.58%, compared to this
variant the specific fertilizations V2 and V6 proven
highly inferiors. Similar to the evolution of
colonization frequency, the same strong effect of
nitrogen based fertilization is observed in the V3,
V4 and V5 variants when compared with V2
(manure fertilizer). From the three chemical
nitrogen variants, the highest values are recorded for
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manure supplemented with NPK (V3) and NPK
(V4) fertilizations. By adding Eurofertil mezocalc to
the fertilizer’s composition has proven not to
significantly improve the intensity of colonization.
The values obtained for the degree of
colonization have proved the beneficial impact of
fertilization, in the cases of manure + NPK (V3) and
NPK (V4) fertilizations, highly significant
differences being recorded over the witness (Table
3). At the opposite pole, the unilateral fertilization
using manure (V2) and Eurofertil mezocalc (V6)
fertilization have decreased the colonization degree
values under 1.0%. Similarly to the colonization’s
frequency and intensity results, all variants with
chemical nitrogen in the fertilizer’s composition
have recorded superior values over the cases using
manure and Eurofertil mezocalc fertilizers.
Despite this, the combination of chemical
nitrogen and Eurofertil mezocalc (V5) has proven
highly inferior to the manure + NPK (V3) and NPK
(V4) variants.
The influence of climatic and technological
factors over the mycorrhizal colonization parameters
has been highlighted by overlapping the recorded
values on the non-metrical ordering axes (table 4).
Both temperature and rainfall depth have a
near perfect overlap on the second NMDS axe, but
with regards to the influence over the colonization’s
parameters, the factors were proven insignificant
(table 4).
Likewise, the potassium’s influence was
proven insignificant, the element effectively acting
only when combined with the other chemical
commands. Phosphorus proved a significant
influence, while nitrogen a highly significant impact
during the study (table 4).
Table 3. Influence of fertilization over the mycorrhizal colonization parameters – 150 days vegetation sequence
Variant 1 2 3 4 5 6
Fv % 75.56 50.56 91.11 96.11 82.78 55.56
1 75.56 p < 0.001 °°° p < 0.001 *** p < 0.001 *** 0.109 p < 0.001 °°°
2 50.56 p < 0.001 *** p < 0.001 *** p < 0.001 *** 0.261
3 91.11 0.261 0.066 p < 0.001 °°°
4 96.11 0.005 °° p < 0.001 °°°
5 82.78 p < 0.001 °°°
6 55.56
Variant 1 2 3 4 5 6
In % 6.58 1.24 10.84 9.37 6.14 0.89
1 6.58 p < 0.001 °°° p < 0.001 *** p < 0.001 *** 0.462 p < 0.001 °°°
2 1.24 p < 0.001 *** p < 0.001 *** p < 0.001 *** 0.548
3 10.84 0.017 ° p < 0.001 °°° p < 0.001 °°°
4 9.37 p < 0.001 °°° p < 0.001 °°°
5 6.14 p < 0.001 °°°
6 0.89
Variant 1 2 3 4 5 6
Gc % 5.13 0.65 9.91 9.01 5.09 0.51
1 5.13 p < 0.001 °°° p < 0.001 *** p < 0.001 *** 0.947 p < 0.001 °°°
2 0.65 p < 0.001 *** p < 0.001 *** p < 0.001 *** 0.836
3 9.91 0.191 p < 0.001 °°° p < 0.001 °°°
4 9.01 p < 0.001 °°° p < 0.001 °°°
5 5.09 p < 0.001 °°°
6 0.51
p < 0.05 * ° p < 0.01 ** °° p < 0.001 *** °°°
Table 4. Overlap of experimental factors on the ordering matrix and display effects on experimental parameters – 150
days vegetation sequence
NMDS1 NMDS2 r2 Pr (>r)
Tm 0.128 -0.992 0.111 0.168
Pp -0.128 0.992 0.111 0.168
N -0.322 -0.947 0.470 0.001 ***
P -0.118 -0.993 0.176 0.048 *
K -0.147 -0.989 0.045 0.476
p < 0.05 * ° p < 0.01 ** °° p < 0.001 *** °°°
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At the second vegetation sequence, the
stability of radicular colonization frequency is
ensured by a nitrogen value ranging between 0 – 10
kg/ha (fig. 4). For the colonization intensity, the
stability is ensured by nitrogen in 60 – 80 kg/ha
value range. The phosphorus influence is lower than
the nitrogen, a quantity of approximately 10 kg/ha
being sufficient for ensuring stability of the
colonization frequency values during time (fig. 5).
Higher phosphorus quantities are required for
constant colonization intensity, the recorded value
being approximately 50 kg/ha.
Although recorded as insignificant, potassium
input of 15 – 20 kg/ha in the nutritive elements
combination, is necessary for a colonization
frequency proven constant during time (fig. 6).
For ensuring the stability of the colonization
in intensity during time, is required to apply a 5
kg/ha fertilization with phosphorus.
The information synthesis with regards to a
certain fertilizer type and applied doses to guarantee
the stability in time of the colonization degree is
difficult to be performed.
This synthetic index is based on the
correlation of values related to frequency and
intensity with the environment and technological
factors.
From this point of view, general results can’t
be issued. For this reason the position on the NMDS
chart of the colonization degree is outside the
interpretation grid.
Unlike the nutritive elements necessities of
the mycorrhizal fungi, the constant degree of
coverage of Festuca rubra plants during time is
ensured by an annual input of 20 – 30 kg/ha
nitrogen, 20 – 30 kg/ha phosphorus and
approximately 20 kg/ha potassium
Figure 4 – 6. Influence of chemical elements over mycorrhizal colonization parameters at 100 days vegetation
sequence: 1) Nitrogen (N); 2) Phosphorus (P); 3) Potassium (K); Fv% - Frequency; In% - Intensity; Gc% - Colonization
degree; Ga% - Cover degree
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4. Conclusions
Climatic factors demonstrate a significant
impact over the mycorrhizal colonization at the first
vegetation sequence, this influence becoming
insignificant once the mulching was installed on the
experimental variants. The nutritive elements prove
a heavy influence on the colonization’s parameters
during initial vegetation sequence, this decreasing
towards the end of the vegetative period. Once the
mulching is installed, the manure fertilization has
ensured the highest levels for the parameters,
overcoming significantly the evolution recorded for
the unfertilized variant. The chemical nitrogen
combinations of fertilizers have provided high
values of the mycorrhizal colonization at final
vegetation sequence. Opposite to this, at same
sequence were the unilateral fertilizations based on
manure and Eurofertil mezocalc. Stability during
time of the colonization is ensured by a unilateral
balanced fertilization, organically or mineral, with
nitrogen as chemical compound with highest impact
for both vegetation sequences.
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